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The present study describes the preparation of non-isocyanate polyurethane nanoparticles by nanoprecipitation. The protocol consists in the dropwise addition of a previously prepared poly(hydroxy)urethane (PHU) organic solution into permuted water.

PHU synthesis was performed by polyaddition reaction between a bio-based bis-(cyclic carbonate) monomer and a diamine, in solution and without catalyst, in a reproductible manner. The control of the polymer purity was crucial for the nanoprecipitation step and final nanoparticle characteristics. PHU chemical structure was thoroughly examined by 1 H and 13 C NMR. Molar masses were determined by MALDI-TOF and SEC. PHU thermal behaviour was investigated by TGA and DSC. Size and size distribution of nanoparticles obtained by nanoprecipitation were determined by DLS. The effect of polymer concentration in the organic phase, nature of the organic solvent and solvent-to-water volume ratio on the colloidal characteristics was investigated. PHU nanoparticle ageing behaviour was also studied.

Introduction

Nanoparticles (NPs) have applications in various industrial fields such as cosmetics [START_REF] Lochhead | Skin care polymer IP trends[END_REF], pharmacy [START_REF] El-Say | Polymeric nanoparticles: Promising platform for drug delivery[END_REF] and agro chemistry [START_REF] Perlatti | Polymeric nanoparticle-based insecticides: a controlled release purpose for agrochemicals[END_REF] because they allow the protection and targeted release of an active ingredient. These colloidal polymeric systems can be manufactured through different processes based either on in situ polymerization reactions or on a preformed polymer [START_REF] Mora-Huertas | Polymer-based nanocapsules for drug delivery[END_REF]. Nanoprecipitation (i.e. solvent shifting or solvent displacement) is a straightforward process to obtain nanometer-sized particles from preformed polymer [START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF]. In practice, the polymer is solubilized into a semi-polar organic solvent and the organic solution is added to a non-solvent of the polymer (most often water) with which the organic solvent is miscible. NPs form instantaneously by polymer precipitation after solvent and non-solvent interdiffusion. Under appropriate conditions, it is possible to obtain small NPs in the 50-300 nm range with a narrow size distribution. Nanoprecipitation main practical limitation lies in possible particle flocculation and formation of large polymer aggregates, leading to low effective NP yield. Numerous studies were intended to identify the most relevant experimental parameters controlling NP size and size distribution [START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF][START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF]. These key procedure variables are associated with the organic phase addition rate [START_REF] Mora-Huertas | Influence of process and formulation parameters on the formation of submicron particles by solvent displacement and emulsification-diffusion methods[END_REF][START_REF] Singh | Reinvestigating nanoprecipitation via Box-Behnken design: a systematic approach[END_REF], mixing time [START_REF] Lince | Strategies to control the particle size distribution of poly-ε-caprolactone nanoparticles for pharmaceutical applications[END_REF], solventto-water volume ratio [START_REF] Budhian | Haloperidol-loaded PLGA nanoparticles: Systematic study of particle size and drug content[END_REF][START_REF] Stainmesse | Formation and stabilization of a biodegradable polymeric colloidal suspension of nanoparticles[END_REF], polymer concentration in the organic phase [START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF][START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF] and polymer-organic solvent-water interactions [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF]. Polymers commonly used for nanoprecipitation are biodegradable polyesters such as poly(lactic acid), poly-ε-caprolactone and poly(lactic-co-glycolic acid) [START_REF] Mora-Huertas | Polymer-based nanocapsules for drug delivery[END_REF][START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF].

Polyurethane NPs have received growing interest as emergent nanomaterials for biomedical applications due to their synthetic versatility, excellent mechanical properties and good biocompatibility [START_REF] Zdrahala | Biomedical applications of polyurethanes: A review of past promises, present realities, and a vibrant future[END_REF][START_REF] Morral-Ruíz | 7 -Polyurethane nanoparticles, a new tool for biomedical applications?[END_REF]. Polyurethanes are usually synthesized by polyaddition of polyols and diisocyanates [START_REF] Bayer | The diisocyanate polyaddition process (polyurethanes). Description of a new principle for building up high-molecular compounds (1937-1945)[END_REF]. However, for a few decades, the trend tower a greener and less toxic chemistry has encouraged research projects on non-isocyanate polyurethanes (NIPU) [START_REF] Kathalewar | Non-isocyanate polyurethanes: from chemistry to applications[END_REF]. The synthesis of these alternative polyurethanes avoid the handling of harmful isocyanates whose preparation requires the use of highly noxious phosgene. Different NIPU synthesis routes have been investigated [START_REF] Maisonneuve | Isocyanate-Free Routes to Polyurethanes and Poly(hydroxy Urethane)s[END_REF], including the transesterification reaction between an urea and a diol [START_REF] Malshe | PAINT RAW MATERIALS: WHERE DO WE GO FROM HERE[END_REF], or the transurethanization reaction between a diol and a carbamateprepared from a diamine and two ethylene carbonates [START_REF] Rokicki | A new route to polyurethanes from ethylene carbonate, diamines and diols[END_REF]. Cyclic carbonate aminolysis resulting in poly(hydroxy)urethane (PHU) is the most promising way to produce NIPU because this straightforward synthesis route is based on the use of less toxic reagents [START_REF] Diakoumakos | Non-isocyanate-based polyurethanes derived upon the reaction of amines with cyclocarbonate resins[END_REF][START_REF] Tomita | Polyaddition behavior of bis(five-and six-membered cyclic carbonate)s with diamine[END_REF][START_REF] Tomita | Model reaction for the synthesis of polyhydroxyurethanes from cyclic carbonates with amines: substituent effect on the reactivity and selectivity of ringopening direction in the reaction of five-membered cyclic carbonates with amine[END_REF]. For instance, sebacic bis-(cyclic carbonate) is a bio-based monomer that can be synthesized through a biocatalytic and solvent-free route [START_REF] Wunschik | Biocatalytic and solvent-free synthesis of a bio-based biscyclocarbonate[END_REF]. Cyclic carbonate ring opening leads to the formation of a primary or a secondary hydroxyl group hanging off the polymer chain [START_REF] Tomita | Model reaction for the synthesis of polyhydroxyurethanes from cyclic carbonates with amines: substituent effect on the reactivity and selectivity of ringopening direction in the reaction of five-membered cyclic carbonates with amine[END_REF][START_REF] Garipov | Reactivity of cyclocarbonate groups in modified epoxy-amine compositions[END_REF][START_REF] Zabalov | Mechanism of urethane formation from cyclocarbonates and amines: a quantum chemical study[END_REF].

Hydroxyl groups provide particular properties to NIPUs compared to conventional PU [START_REF] Jalilian | Preparation and properties of biodegradable polyurethane networks from carbonated soybean oil[END_REF],

and enable polymer post-functionalization or crosslinking [START_REF] Beniah | Novel thermoplastic polyhydroxyurethane elastomers as effective damping materials over broad temperature ranges[END_REF][START_REF] Hahn | Hydroxyl-functional polyurethanes and polyesters: synthesis, properties and potential biomedical application[END_REF][START_REF] Proempers | Polyurethanes with pendant hydroxy groups: Polycondensation of D-mannitol-1,2:5,6-dicarbonate with diamines[END_REF]. Nevertheless, PHU synthesis has two major problems: slow kinetics and low molar masses of the final polymer [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF]. Temperature [START_REF] Tomita | Polyaddition behavior of bis(five-and six-membered cyclic carbonate)s with diamine[END_REF], type of solvent [START_REF] Proempers | Polyurethanes with pendant hydroxy groups: Polycondensation of D-mannitol-1,2:5,6-dicarbonate with diamines[END_REF][START_REF] Lambeth | Organocatalytic synthesis of (poly)hydroxyurethanes from cyclic carbonates and amines[END_REF][START_REF] Chen | Preparation of lignin/glycerolbased bis(cyclic carbonate) for the synthesis of polyurethanes[END_REF][START_REF] Anders | Synthesis and characterization of polyhydroxyurethanes prepared from difunctional six-membered ring carbonates[END_REF][START_REF] Ochiai | One-pot non-isocyanate synthesis of polyurethanes from bisepoxide, carbon dioxide, and diamine[END_REF][START_REF] Wei | Synthesis of bis(cyclic carbonate) and propylene carbonate via a one-pot coupling reaction of CO2, bisepoxide and propylene oxide[END_REF][START_REF] Kihara | Optically active poly(hydroxyurethane)s derived from cyclic carbonate and L-lysine derivatives[END_REF], type of monomers and initial monomers concentration [START_REF] Proempers | Polyurethanes with pendant hydroxy groups: Polycondensation of D-mannitol-1,2:5,6-dicarbonate with diamines[END_REF] were reported to influence the reaction rate of cyclic carbonate aminolysis. Four kinds of cyclic carbonates were particularly investigated: five-membered (C5), six-membered (C6), seven-membered (C7) and eight-membered (C8) cyclic carbonates [START_REF] Cotter | Multiple cyclic carbonate polymers[END_REF]. The amine reactivity towards the carbonate function increases with the size of the carbonate ring [START_REF] Tomita | Polyaddition behavior of bis(five-and six-membered cyclic carbonate)s with diamine[END_REF][START_REF] Tomita | Polyaddition of bis(seven-membered cyclic carbonate) with diamines: a novel and efficient synthetic method for polyhydroxyurethanes[END_REF]. However, five-membered bis-(cyclic carbonate)s are usually preferred since their synthesis is less complex [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF]. The chemical structure of the amine monomer also influences the reaction rate: low molar mass aliphatic primary amines with strong electron withdrawing groups in α or β position with respect to the reactive amino group are more reactive [START_REF] Diakoumakos | Non-isocyanate-based polyurethanes derived upon the reaction of amines with cyclocarbonate resins[END_REF]. Moreover, various side-reactions, kinetically and thermodynamically favoured by an increase of the temperature, have been observed during PHU synthesis. These side-reactions may explain PHU low molar masses [START_REF] Besse | How to explain low molar masses in PolyHydroxyUrethanes (PHUs)[END_REF].

In this paper, we aimed to investigate the preparation of PHU nanoparticles by nanoprecipitation. As a first step, we focused on the catalyst-free synthesis of novel PHUs from aliphatic diamineshexamethylene diamine and tetramethylene diamineand sebacic bis-(cyclic carbonate). Microwave-assisted synthesis of PHU from sebacic bis-(cyclic carbonate) and hexamethylene diamine was also carried out. In that frame, the PHUs were thoroughly characterized by elemental analysis, FTIR-ATR, NMR, MALDI-ToF, TG and DSC analyses, and the PHUs synthesis repeatability was examined. Finally, PHU NPs were prepared by nanoprecipitation using with different solvents, polymer concentrations and solvent-to-water volume ratio. NPs were characterized by DLS analyses and TEM images.

The influence of the type of solvent and of its elimination from the nanosuspension dispersing phase on NPs size, size distribution and stability over time was investigated.

Experimental section

Materials

Dichloromethane (99 %, Fischer Scientific), sebacoyle chloride (99 %, Sigma-Aldrich), triethylamine (99 %, Sigma-Aldrich), tetrahydrofuran (THF) (anhydrous, for analysis, stabilized with BHT, Carlo Erba), hexamethylene diamine (HMDA) (98 %, Sigma-Aldrich), tetramethylene diamine (TMDA) ( 99%, Sigma-Aldrich), dimethylsulfoxide (DMSO) (99.8 %, Carlo Erba), ethanol (EtOH) (absolute anhydrous, 99.9 %, Carlo Erba), deuterated dimethylsulfoxide (DMSO-d6) (99.9 %, Sigma-Aldrich) were purchased and used as received. Glycerol carbonate (Jeffsol glycerine carbonate) was kindly supplied by Huntsman and used as received.

Syntheses

Synthesis of sebacic bis-(cylic carbonate) (SB bis-CC)

Glycerol carbonate (10.9 g, 92 mmol) was mixed with dichloromethane (40 ml) in a 100 ml round-bottom flask. Triethylamine (4.6 g, 46 mmol) was added to the mixture under a light stream of nitrogen gas. The flask was cooled down with an ice bath. Sebacoyl chloride (10 g, 42 mmol) was added dropwise to the stirred reaction mixture. After an overnight reaction, triethylamine hydrochloride was removed by filtration. The filtrate was washed with 3 × 50 ml of a 5 wt. % hydrochloric acid solution. The organic phase was then dried with anhydrous sodium sulfate. Dichloromethane was removed under vacuum and 16.36 g of a white powder was obtained. A further purification was performed to ensure optimal purity of monomer SB bis-CC. The monomer was recrystallized in the following manner: SB bis-CC in 200 ml of methanol was heated under reflux to ensure complete dissolution. The mixture was then slowly cooled down to room temperature, and then stored in a fridge overnight. The powder was taken out by filtration, washed with cold methanol and then dried under vacuum. 9.53 g of SB bis-CC were recovered and purified a second time by recrystallization with 100 ml of methanol. At the end of the work up, 8.32 g of SB bis-CC (yield = 49%) was obtained as a white and fine powder. 1 

Synthesis of (SB-HM)-PHU

In a 250 ml round-bottom flask equipped with a stirring bar, SB bis-CC (2.00 g, 4.97 mmol) and HMDA (0.577 g, 4.97 mmol) were suspended into 75 ml of THF. The mixture was stirred and heated under reflux at 80°C for 48 hours. THF was evaporated under reduced pressure.

The remaining paste was dissolved in the minimum amount (5 ml) of N,Ndimethylformamide and a large of excess (150 ml) of diethyl ether was added to ensure the precipitation of the solution. The flask was then stored in the fridge for 2 days. The liquid was taken out of the flask. A whitish paste appearing at the bottom of the flask and white grains deposited on the walls of the flask were observed. The grains, identified as remaining SB bis-CC by IR analysis, were taken out and the paste was washed with a small amount of dichloromethane to remove SB bis-CC traces. (SB-HM)-PHU was then dried under vacuum at 70°C for 24 hours. The synthesis was performed in triplicate ((SB-HM)-PHU-1, (SB-HM)-PHU-2, (SB-HM)-PHU-3). 1 H NMR (400 mHz, DMSO-d6, ppm): δ = 1.25 (12H, H3SB, H3HM), 1.37 (4H, H2HM), 1.51 (4H, H2SB), 2.29 (4H, H1SB), 2.93 (4H, H1HM), 3.48 (H6prim), 3.82 (H5sec), 3.89, 3.97 (H4sec, H7sec), 4.07 (H4prim), 4.77, 4.88 (H5prim), 5.15 (H8sec), 7.10 (H9). 13 

Synthesis of (SB-TM)-PHU

The synthesis of (SB-TM)-PHU was identical to the synthesis of (SB-HM)-PHU in THF, except that hexamethylene diamine was replaced with tetramethylene diamine. The same work up was followed for polymer purification.

Microwave synthesis of (SB-HM)-PHU

Microwave synthesis was performed with an "Initiator +" microwave oven from Biotage (mid. power, 50 W). 500 mg (1.24 mmol) of SB bis-CC and 144 mg (1.24 mmol) of HMDA were poured into a microwave vial equipped with a triangular stirring bar. 2.5 ml of THF was added and the tube was sealed. The sample was inserted in the microwave oven and heated at 100°C (50 W) for 30 minutes. The pressure around 3 bars remained stable.

THF was evaporated. The remaining solid was dissolved in 1 ml of DMF and precipitated in 75 ml of Et2O. The mixture was stored in the freezer overnight. The liquid was removed; the precipitate was washed with Et2O and dried over vacuum (50°C, 1h30 

Preparation of PHU nanoparticles by the nanoprecipitation method

In a typical procedure, 50 mg of (SB-HM)-PHU were dissolved into 25 ml of DMSO in a 60 ml vial. After a night at room temperature, the solution was filled up into a 60 ml syringe equipped with a needle. 50 ml of permuted water was poured into a 250 ml jacketed reactor and stirred at 300 rpm. The temperature of the organic phase, aqueous phase and the air under the fume hood remained constantly equal to 24°C during the whole experiment. The organic phase was added dropwise to the aqueous phase at a rate of 35 ml/h with a syringe pump. The needle tip was adjusted just above the reactor so that the needle pointed downwards. The samples were named according to the experimental conditions as PX-D-VY or PX-Et-VY where X corresponds to the polymer concentration in the organic phase, Y the volume of aqueous solution, D and Et correspond to DMSO and Ethanol respectively (Table 1). The volume of the organic phase was equal to 25 ml.

Sample

Polymer Polymer concentration (organic phase) (mg/ml) Solvent

Water volume (ml) P2-D-V50 (SB-HM)-PHU-1 2 DMSO 50 P4-D-V50 (SB-HM)-PHU-1 4 DMSO 50 P2-D-V100 (SB-HM)-PHU-1 2 DMSO 100 P2-Et-V50 (SB-HM)-PHU-1 2 Ethanol 50 P2-Et-V100 (SB-HM)-PHU-1 2 Ethanol 100
Table 1. Experimental nanoprecipitation conditions of (SB-HM)-PHU-1.

Dialysis was performed with Biotech CE tubings (MWCO: 100-500 D) from SpectrumLabs.

Tubings, wet in sodium azide, were rinsed with permuted water prior to handling. For each experiment, 20 ml of nanosuspension was loaded into a tubing sealed at each end with two plastic clamps. The dialysis bag was then immersed into 1L permuted water and stirred.

Permuted water was renewed four times, every hour. Afterwards, an overnight dialysis of the dispersion was performed. Fourier transform infrared (FTIR) spectroscopy analyses were performed using a Thermo Scientific Nicolet iS10 infrared spectrometer equipped with a MCT/A detector in the Attenuated Total Reflectance (ATR) mode with a diamond crystal (128 scans, wavenumber range: 650 to 4000 cm -1 ).

Quantitative 1 H and 13 C NMR spectra of SB bis-CC, HMDA and PHU samples as well as 2D correlation (COSY) and heteronuclear single-quantum coherence (HSQC) spectra were recorded on a Bruker Avance II 400 MHz spectrometer (400 MHz for 1 H) in DMSO-d6, at 298K ( 1 H: pulse angle: 30°, delay time: 2s; 13 C: pulse angle: 70°, delay time: 10s).

MALDI-ToF analyses were performed with a Bruker Daltonics: Ultraflex III mass spectrometer set to positive reflectron mode. The ionization source was a Smartbeam laser.

The polymer samples were solubilized into THF (10 mg/ml). Dithranol into THF (10 mg/ml) was used as a matrix solution. NaI into acetone (10 mg/ml) was used as a cationization salt.

Solution mixing was carried out with a ratio 10 (matrix)/1 (sample)/1 (salt).

Size exclusion chromatography (SEC) analyses of (SB-HM)-PHU were performed in DMSO, THF and DMF. The same batch of polymer was used for all the analyses (DMSO, THF and DMF). SEC analyses of the samples filtrated with a 0.45 µm filter, were performed at 70°C in DMSO with 0.1 wt% NaNO3 on a 350 A high temperature gel permeation chromatography (HT-GPC) Malvern apparatus equipped with refractive index and light scattering detectors, three PSS GRAM columns (polyester copolymer network, 8mm×300mm×10µm, from 100 to 1,000,000 Da) and one pre-column. SEC analysis in THF was performed at 30°C on a HT-GPC from Waters equipped with a refractive index detector (RI 2414 from Waters), a viscosimetry detector (ViscoSTAR from Wyatt). Two PSS SDV columns (100 to 1,000,000 Da) and one pre-column (PSS SDV) were used for the elution. Universal calibration was done using polystyrene standards. SEC analysis in DMF was performed at 40°C on a Waters 2489 apparatus equipped with refractive index and UV/vis detectors and an Agilent Polargel M column (300×7.5 mm).

PHU samples were analysed by thermal gravimetric analysis. A sample weighing 5-20 mg was heated from 25 to 700°C at a rate of 10°C.min -1 in a stream of helium in the microbalance of a TGA Q500 thermal gravimetric analyser from TA Instruments.

Scanning differential calorimetry analysis of PHU samples was performed on a DSC Q200 analyser from TA Instruments. Samples weighing 5-10 mg in a sealed capsule were submitted to temperatures from -75 to 200°C, with heating and cooling speeds equal to 10°C/min, under a stream of helium.

PHU NP size distribution was determined by Dynamic Laser Light Scattering on a Nanosizer ZS (Malvern Instruments). Z-average diameter was calculated from the correlation function, according to the cumulant method. Samples were analysed as such, without dilution, within an hour after the preparation. The dynamic viscosity value of the suspension was set according to the water/DMSO ratio.

The transmission electron microscopy (TEM) specimens were observed under a Philips CM 120 transmission electron microscope operating at 120 kV with low-dose scanning and under reduced pressure. A drop of nanoparticles suspension was placed onto an advanced holey carbon film (Quantifoil, EMS) coated copper grid and dried before measurement. The sample was inserted into the TEM microscope vacuum column. The accelerating voltage used for the observation was 120 kV.

Results and discussions

PHU synthesis and chemical characterization

The ultimate purpose of this work was the preparation of NIPU NPs. Cyclic carbonate aminolysis resulting in PHU is one of the most studied isocyanate-free routes to PU [START_REF] Jalilian | Preparation and properties of biodegradable polyurethane networks from carbonated soybean oil[END_REF].

Cyclic carbonates with the largest rings are the most reactive monomers. Yet, bis-5membered cyclic carbonates are most frequently used for the preparation of PHUs. The reaction between glycerol carbonatea cheap and widely available bio-based building block [START_REF] Sonnati | Glycerol carbonate as a versatile building block for tomorrow: synthesis, reactivity, properties and applications[END_REF] and sebacoyl chlorideobtainable from castor oil based ricin oleic acid [START_REF] Naughton | Production, chemistry, and commercial applications of various chemicals from castor oil[END_REF] is a straightforward route to produce a five-membered bis-(cyclic carbonate): sebacic bis-(cyclic carbonate) (SB bis-CC). SB bis-CC was synthesized according to a procedure reported by Carré et al. [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF] The formation of SB bis-CC and absence of remaining reactant or by-product were confirmed by the presence of the characteristic IR C=O stretching vibration bands from the carbonate groupat 1790 cm -1 -and the ester groupat 1730 cm -1 (figure S1).

Moreover, SB bis-CC 1 H and 13 C NMR spectra were consistent with the NMR identifications carried out by Averous et al. [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF] (figure S2 andS3). Hexamethylene diamine appeared to be a good amine monomer candidate in term of chemical structure and reactivity relationship [START_REF] Diakoumakos | Non-isocyanate-based polyurethanes derived upon the reaction of amines with cyclocarbonate resins[END_REF]. The reproducibility of (SB-HM)-PHU synthesis in THF was confirmed by the very similar results obtained by elemental analysis performed on the duplicate (SB-HM)-PHU samples. Furthermore, calculated and experimental values were in very good agreement.

(SB-HM)-PHU was analysed by FTIR-ATR spectroscopy. FTIR spectra revealed the specific stretching bands of the urethane group [START_REF] Maisonneuve | Novel green fatty acid-based bis-cyclic carbonates for the synthesis of isocyanate-free poly(hydroxyurethane amide)s[END_REF][START_REF] Boyer | Solubility in CO2 and carbonation studies of epoxidized fatty acid diesters: towards novel precursors for polyurethane synthesis[END_REF]: C=O stretching at 1690 cm -1 and N-H bending at 1535 cm -1 (figure S4 and S5). N-H stretching band at 3300-3400 cm -1 was somewhat overlapped with the hydroxyl group vibration band at 3500 cm -1 resulting from the carbonate ring opening. Previous studies of hydrogen bonding in PUs have investigated shifts associated with carbonyl absorbance and concluded that vibration bands at ~ 1700 cm -1 and ~ 1730 cm -1 are associated with hydrogen bonded carbonyl and free carbonyl respectively [START_REF] Serri | Nano-precipitated curcumin loaded particles: effect of carrier size and drug complexation with (2-hydroxypropyl)-β-cyclodextrin on their biological performances[END_REF].

The same vibration bands were used for the analysis of PHUs. Nevertheless, in our case, the peak at 1690 cm -1 merged with the C=O stretching peak of the ester group from the cyclic carbonate monomer at 1730 cm -1 . Consequently, no information related to PHU hydrogen bonding could be deduced from the FTIR spectra. Weak C=O stretching peak at 1790 cm -1 may correspond to the unreacted cyclic carbonates at the end of the polymer chains, as well as the peak at 777 cm -1 [START_REF] Boyer | Solubility in CO2 and carbonation studies of epoxidized fatty acid diesters: towards novel precursors for polyurethane synthesis[END_REF]. In recent works dealing with PU synthesis through a carbonate route, some authors reported the occurrence of a side reaction between diamines and ester groups of vegetal oils [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF][START_REF] Boyer | Solubility in CO2 and carbonation studies of epoxidized fatty acid diesters: towards novel precursors for polyurethane synthesis[END_REF]. Boyer et al. pointed out that the reaction was not observed with secondary amine. On the other hand, the increase of the polymerization temperature in the range 70°C-100°C or the addition of excess diamine reagent promoted ester group aminolysis.

Ester group Aminolysis was observed by Carré et al. during the reaction between SB-bisCC and a bio-sourced dimer-based diamine conducted in bulk at 75°C during 2 hours [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF]. In the present study, no amide peak was observed at 1650 cm -1 . However, when the reaction time was increased from 48h to 72h, (SB-HM)-PHU FTIR spectrum clearly evidenced the amide peak at 1661 cm -1 (figure S6). This peak was even stronger than the urethane vibration band at 1700 cm -1 . This observation may suggest that ester aminolysis can be favoured by longer reaction time. Concurrently, C=O stretching peak of carbonate groups at 1790 cm -1 was also noticeable and its intensity appeared to be not influenced by the reaction time.

1 H NMR spectroscopy has been widely used for the examination of PHU chemical structure [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF][START_REF] Maisonneuve | Fatty acid-based (bis) 6membered cyclic carbonates as efficient isocyanate free poly(hydroxyurethane) precursors[END_REF]48]. In order to implement the structural information provided by the 1 H 13 NMR spectrum of (SB-HM)-PHU (Figure S7), (SB-HM)-PHU was also analysed by 13 C NMR (Figure 1a-c). For a clear understanding, a specific terminology was adopted for the identification of the different protons and carbons of the macromolecule on the spectra (Table 2). and amine end chain (c).

The assignment of 1 H and 13 C NMR resonances (Table 3) was achieved thanks to the thorough examination of COSY and HSQC 2D NMR as well as DEPT 135 spectra (Figure S8-S12).

Table 3. secondary to primary hydroxyl ratio and for PHU samples, determined from 13 C NMR spectra.

Further details on the assignment of 13 C NMR resonances are given in Supporting Information (S13, S14). The use of a higher spectral resolution, the suppression of Nuclear Overhauser effect and the respect of the longitudinal relaxation time T1 enabled the acquisition of a 

quantitative 13 C NMR spectrum which allowed an accurate characterization of PHU chemical structure. Two major pieces of information were deduced from (SB-HM)-PHU 13 C NMR spectrum: the molar secondary/primary hydroxyl ratio (Scheme 2) and the average-number molar mass. Figure 1a). The aliphatic region exhibited numerous resonances from the repeat unit carbons (Table 2, Figure 1), resonances from residual DMF and resonances from the end chain groups.

Resonances from the end group carbonate cycle carbons were clearly evidenced (D-G, Figure 1a and1b). On the contrary, peaks from the carbonate end group SB moiety carbons did not appear explicitly and their integration was more difficult (Figure 1c, table 2). The same feature was observed for the amine end group carbons, i.e. Cγ (26.3 ppm), Cβ (33.4 ppm) and Cα (41.6 ppm) corresponding to carbons in γ, β and α position to NH2 groups respectively.

Figure 1b shows the aliphatic deshielded resonances from methylene and methyne carbons in α position of ether or hydroxyl groups (Table 2). 5sec, 6sec and 7sec carbons exhibited one peak respectively, but surprisingly, two resonances were observed for 5 prim, 6prim and 7prim. 5 prim is an asymmetric carbon with R or S configuration, and may be characterized by two different chemical shifts. According to the configuration of 5prim, both 6prim and 7prim carbons also exhibited two resonances. Surprisingly, this feature has never been reported in the literature on (hydroxyl)urethane models [START_REF] Besse | How to explain low molar masses in PolyHydroxyUrethanes (PHUs)[END_REF][START_REF] Nohra | Aminolysis Reaction of Glycerol Carbonate in Organic and Hydroorganic Medium[END_REF][START_REF] Buergel | Reactions of cyclic carbonates with amines: model studies for curing process[END_REF][START_REF] Tomita | Structural analysis of polyhydroxyurethane obtained by polyaddition of bifunctional five-membered cyclic carbonate and diamine based on the model reaction[END_REF][START_REF] Cornille | A study of cyclic carbonate aminolysis at room temperature: effect of cyclic carbonate structures and solvents on polyhydroxyurethane synthesis[END_REF][START_REF] Ochiai | Synthesis and properties of polyurethanes bearing urethane moieties in the side chain[END_REF] nor poly(hydroxy)urethanes [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF][START_REF] He | Synthesis, characterization, and application of a bifunctional coupler containing a five-and a six-membered ring carbonate[END_REF]. The secondary/primary hydroxyl ratio of (SB-HM)-PHU was calculated from the integrals of the secondary and primary carbons resonances according to Eq.1:

= + + !"# + !"# + !"# Eq.1
The ratio calculated for the duplicate samples appeared similar and close to 2 (Table 3), corresponding to 70 mol% of secondary hydroxyl groups, in accordance with the general trend reported in the literature [START_REF] Tomita | Model reaction for the synthesis of polyhydroxyurethanes from cyclic carbonates with amines: substituent effect on the reactivity and selectivity of ringopening direction in the reaction of five-membered cyclic carbonates with amine[END_REF][START_REF] Steblyanko | Addition of five-membered cyclic carbonate with amine and its application to polymer synthesis[END_REF][START_REF] Cornille | A perspective approach to sustainable routes for non-isocyanate polyurethanes[END_REF].

The carbonyl region (174-153 ppm, Figure 1a) confirmed the presence of PHU carbamate groups (156.0 ppm). The resonance from end group carbonate carbonyls (G) was clearly identified at 154.6 ppm, in accordance to the observations of aliphatic end groups carbons (Figure 1b). The resonances of the SB moities ester functions (172.8 ppm) were also assigned.

Both urethane and ester carbonyls signals were composed of a major peak and minor resonances. This splitting could be due to the cis/trans configuration of the C-N boundas it was observed in amide and urethane groups [START_REF] Rudolph-Boehner | Photomodulation of conformational states of p-phenylazobenzyloxycarbonyl-L-proline and related peptides[END_REF] and the effect of the end chain proximity on the urethane carbonyl chemical shift. was calculated for the three samples. The average value was found equal to 23 with a standard deviation of 4 (Table 3). Finally, , was calculated from (Eq.3) where 518 corresponded to the molar mass of both the repeating unit of PHU and PHU end groups:

, = 2 × 518 + 518 Eq.3
Depending on the values of , the number-average molar masses of the three PHU samples varied from 5 200 to 7 500 g/mol.

SEC analyses of PHUs are generally performed with DMF [START_REF] Maisonneuve | Novel green fatty acid-based bis-cyclic carbonates for the synthesis of isocyanate-free poly(hydroxyurethane amide)s[END_REF][START_REF] Kishikawa | Temperature Dependence of Soret Coefficient in Aqueous and Nonaqueous Solutions of Pullulan[END_REF] and THF [START_REF] Boyer | Solubility in CO2 and carbonation studies of epoxidized fatty acid diesters: towards novel precursors for polyurethane synthesis[END_REF][START_REF] Carre | Synthesis and characterization of advanced biobased thermoplastic nonisocyanate polyurethanes, with controlled aromatic-aliphatic architectures[END_REF] as elution solvent, with PS as standards and RI detector. (SB-HM)-PHU-3 was analysed under three different analysis conditions with DMSO, THF or DMF as solvent and LLS, viscosimetric or refractive index detectors respectively (Table 4). 4. Molar masses and dispersities of (SB-HM)-PHU-3 obtained by SEC.

The , value obtained with THF was found equal to 6 450 g/mol. This value corresponded to the absolute mass since universal calibration was used for the analysis. Furthermore, this result confirmed the , value determined by 13 C NMR (7 500 g/mol). The , value obtained in DMSO and LLS detector was quite similar (8 900 g/mol), whereas the , value provided by RI with DMF as solvent and PS as standards was unsurprisingly higher (11 340 g/mol). MALDI-ToF MS analysis was performed to complete the investigation of the (SB-HM)-PHU chemical structure. The spectrum of (SB-HM)-PHU-1 showed a molar mass distribution ranging between 600 and 3 000 Da (Figure 2). This mass range appeared quite surprising compared to the previous NMR and SEC results, even though MALDI ToF is known to underestimate the molar masses of synthetic polymers especially in the case of broad mass distributions [START_REF] Montaudo | Characterization of synthetic polymers by MALDI-MS[END_REF]. The accurate examination of the spectrum provided additional information on the type of end chains. Three PHU species were observed depending on the amine and/or carbonate ending groups with DP ranging from 2 to 11 (Table S1).

A' -(B-A)n -B', ; B' -(A-B)n -A -B', ; A' -(B-A)n -B -A',

(SB-HM)-PHU synthesized in THF during 72 hours was also analysed by 1 H NMR (Figure S13). The corresponding spectrum exhibited no significant difference with that of (SB-HM)-20 PHU synthesized during 48h. In contrast to the FTIR data (Figure S6), NMR results did not clearly evidence ester aminolysis: both the two 1 H NMR spectra (Figures S7 andS13) exhibited a very small resonance at 2.1 ppm that could be related to SB1 protons of amide groups [START_REF] Boyer | Solubility in CO2 and carbonation studies of epoxidized fatty acid diesters: towards novel precursors for polyurethane synthesis[END_REF], in very low amount (2mol%) [START_REF] Van Velthoven | Poly(hydroxy urethane)s based on renewable diglycerol dicarbonate[END_REF].

(SB-TM)-PHU

(SB-TM)-PHU was synthesized under the same experimental conditions as (SB-HM)-PHU.

Since both TMDA [START_REF] Qian | Metabolic engineering of Escherichia coli for the production of putrescine: A four carbon diamine[END_REF] and SB bis-CC [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF] monomers can be bio-sourced, (SB-TM)-PHU can be labelled as a biobased polymer. (SB-TM)-PHU chemical structure of was accurately examined by 13 C NMR (Figure S14). Secondary/primary hydroxyl ratio was calculated and found equal to 2.3 (Table 3), very close to the value obtained for (SB-HM)-PHU. The number average degree of polymerization and molar mass , were equal to 7 and 2 400 g/mol respectively. These values were significantly lower than those of (SB-HM)-PHU. These results were quite surprising since PHU molar mass is expected to be higher when lower molar mass diamines are used [START_REF] Diakoumakos | Non-isocyanate-based polyurethanes derived upon the reaction of amines with cyclocarbonate resins[END_REF][START_REF] Zhang | A novel 2,5-furandicarboxylic acid-based bis(cyclic carbonate) for the synthesis of biobased non-isocyanate polyurethanes[END_REF]. The low molar masses of PHU are often reported to be due to side reactions [START_REF] Besse | How to explain low molar masses in PolyHydroxyUrethanes (PHUs)[END_REF][START_REF] Kihara | Synthesis and properties of poly(hydroxyurethanes)[END_REF]. Nevertheless, none of the products that may be formed through these side reactions were observed for (SB-TM)-PHU. The low value of (SB-TM)-PHU may be explained by intramolecular reaction between carbonate and amine ending groups leading to the formation of cyclic species, as it is observed in polyamide synthesis [START_REF] Soares-Latour | Environmentally benign 100% bio-based oligoamide microcapsules[END_REF].

Unfortunately, contrarily to cyclic oligoamide, cyclic PHU cannot be evidenced by MALDI-ToF since they exhibit the same molar masses as linear PHU. Then at this stage of investigation, the formation of PHU cyclic species remains hypothetic. Complementary analysis such as specific SEC for low-mass species may point out the presence of cyclic ones.

(SB-TM)-PHU was analysed by MALDI-ToF spectroscopy (Figure S15). Oligomer molar mass distribution ranged from 900 to 3 300 Da and DP from 1 to 5. Amines and cyclic carbonates were identified as the two end chain functions of (SB-TM)-PHU. Oligomers were terminated by a cyclic carbonate function and an amine function or two cyclic carbonate functions. Unlike (SB-HM)-PHU spectrum, no oligomer terminated by two amine functions could be identified.

(SB-HM)-PHUMW

Microwave technology has become increasingly important for polymer synthesis and reactions on polymers [START_REF] Bardts | Polymer synthesis and modification by use of microwaves[END_REF]. Higher yields, higher kinetics and greater product purity are the main advantages of microwave technology. Then in order to accelerate the reaction rate to reduce the reaction duration (48h), we performed the synthesis of (SB-HM)-PHU through microwave-assisted polymerization at 100°C for 30 minutes ((SB-HM)-PHUMW-1 and (SB-HM)-PHUMW-2). 1 H NMR, 13 C NMR (Figures S17 and S18, (SB-HM)-PHUMW-1) were very similar to those of (SB-HM)-PHU. According to Eq.1 and Eq.2, secondary/primary hydroxyl ratio, and , were found equal to 1.8, 17 and 5 000 g/mol respectively for (SB-HM)-PHUMW-1 and 2.7, 35 and 9 700 g/mol for (SB-HM)-PHUMW-2 (table 3). The difference in the values obtained for the two runs could be explained by the fact that SB bis-CC and HMDA monomers were not soluble in THF at room temperature, and for (SB-HM)-PHUMW-1, a fraction of these monomers could not be totally solubilized during the quick reaction (t = 30min). Nevertheless, (SB-HM)-PHUMW exhibited equal or higher values of , than (SB-HM)-PHU, confirming the advantages provided by microwave technology in terms of reaction time and molar mass.

Thermal properties

Thermal properties of (SB-HM)-PHU were assessed by TGA and DSC to better understand the polymer structure and behaviour. Generally speaking, polyurethanes are known to have a relatively low thermal stability because of the reversibility of the urethane bond [START_REF] Delebecq | On the Versatility of Urethane/Urea Bonds: Reversibility, Blocked Isocyanate, and Non-isocyanate Polyurethane[END_REF], as well as complex multi-step degradation process [START_REF] Bueno-Ferrer | Relationship between morphology, properties and degradation parameters of novative biobased thermoplastic polyurethanes obtained from dimer fatty acids[END_REF]. The thermal decomposition of (SB-HM)-PHU-1 under helium started at 230°C after a slight weight decrease of about 2 % between 22 30°C and 200°C caused by the evaporation of water and solvents entrapped in the polymer (Figure 3). These results were in accordance with the data from literature [START_REF] Proempers | Polyurethanes with pendant hydroxy groups: Polycondensation of D-mannitol-1,2:5,6-dicarbonate with diamines[END_REF][START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF][START_REF] Van Velthoven | Poly(hydroxy urethane)s based on renewable diglycerol dicarbonate[END_REF][START_REF] Yadav | Poly (urethane fatty amide) resin from linseed oil-A renewable resource[END_REF][START_REF] Rix | Synthesis of fatty acid-based non-isocyanate polyurethanes, NIPUs, in bulk and mini-emulsion[END_REF]: PHUs exhibit initial thermal degradation temperature between 200 and 250°C depending on their chemical structure, while conventional polyurethanes start decomposing above 300°C [START_REF] Bueno-Ferrer | Relationship between morphology, properties and degradation parameters of novative biobased thermoplastic polyurethanes obtained from dimer fatty acids[END_REF][START_REF] Liu | The antihydrolytic effect and properties of crosslinked polyurethane containing natural dimer fatty acids building blocks[END_REF].

The temperature derivative on the TGA curve revealed three degradation steps. The first step (local maximum of the derivative function at 296°C), associated with 40.0 % of weight loss between 220°C and 340°C, could be attributed to the degradation of urethane bonds [START_REF] Van Velthoven | Poly(hydroxy urethane)s based on renewable diglycerol dicarbonate[END_REF][START_REF] Besse | Synthesis of isosorbide based polyurethanes: An isocyanate free method[END_REF][START_REF] Duval | Synthesis and properties of renewable nonisocyanate polyurethanes (NIPUs) from dimethylcarbonate[END_REF]. The second and third steps (local maximum at 406°C and 440°C respectively) associated with 56.7 % of weight loss between 340°C and 480°C, could be attributed to the degradation of ester bonds and hydrocarbon chains, respectively [START_REF] Yadav | Poly (urethane fatty amide) resin from linseed oil-A renewable resource[END_REF]. (SB-HM)-PHU phase transition behaviour was investigated by DSC (Figure S16). A glass transition phenomenon was observed on the (SB-HM)-PHU-1 DSC thermogram. The glass transition temperature was expressed from the onsets of the transition phenomenon. Tg was found equal to -8.2°C and -7.7°C upon the first and the second heating run respectively. These low Tg values were consistent with the aliphatic chemical structure of (SB-HM)-PHU and similar to the values reported in the literature for similar chemical structures [START_REF] Carre | Original biobased nonisocyanate polyurethanes: solvent-and catalyst-free synthesis, thermal properties and rheological behavior[END_REF]. The absence of endothermic signal after the first heating run demonstrated the amorphous nature of (SB-HM)-PHU. (SB-HM)-PHU-2 and (SB-HM)-PHU-3 were also analysed by TGA and DSC and exhibited very similar thermal properties which confirmed the reproducibility of the synthesis.

(SB-TM)-PHU was also analysed by TGA and DSC (figure S17 andS18). Tg was found equal to -16.1°C upon the second heating run. This low value was consistent with the fact that (SB-TM)-PHU had a lower , than (SB-HM)-PHU. Degradation profiles of (SB-TM)-PHU and (SB-HM)-PHU were similar.

(SB-HM)-PHU nanoparticles

During the last decades, PU-based nanosystems have emerged as a promising platform for the controlled delivery of a wide range of drugs [START_REF] Rocas | On the Importance of Polyurethane and Polyurea Nanosystems for Future Drug Delivery[END_REF]. PU nanoparticles are generally prepared by in-situ polyaddition reaction between a diol and a diisocyanate [START_REF] Basu | 8 -Polyurethanes for controlled drug delivery[END_REF]. Unfortunately, the side reaction between isocyanates and water represents a major obstacle for the preparation of pure polyurethane nanoparticles [START_REF] Bossion | Non-Isocyanate Polyurethane Soft Nanoparticles Obtained by Surfactant-Assisted Interfacial Polymerization[END_REF]. In addition, the toxicity of isocyanate monomers hinders the development of eco-friendly nanoparticles. In this context, the development of non-isocyanate polyurethane (NIPU) is very challenging. Recently, Bossion et al. [START_REF] Bossion | Non-Isocyanate Polyurethane Soft Nanoparticles Obtained by Surfactant-Assisted Interfacial Polymerization[END_REF] developed a protocol to prepare NIPU nanocapsuless by interfacial polymerization. This technique is commonly used to prepare polyurethane nanocapsules [START_REF] Gaudin | Poly(urethane-urea) nanocapsules prepared by interfacial step polymerisation in miniemulsion[END_REF]. This route appeared unsuitable to the formation of (SB-HM)-PHU nanocapsules despite several attempts based on butyl benzoate, benzyl benzoate, 2-phenoxy ethanol and 1,1,2-trichoroethane as organic solvents and different monomer concentrations (SB bis-CC: from 10 -3 M up to 0.20 M and HMDA: from 2.9×10 -3 M up to 1 M). No polymeric membrane was built at the interface because of the low reactivity of bis-CC towards HMDA [START_REF] Maisonneuve | Isocyanate-Free Routes to Polyurethanes and Poly(hydroxy Urethane)s[END_REF] in the restrictive interfacial polymerization conditions [START_REF] Piradashvili | Reactions and Polymerizations at the Liquid-Liquid Interface[END_REF].

Among the techniques leading to the formation of nanoparticles and the encapsulation of active agents, nanoprecipitation is one of the most commonly used approaches since it is rapid, simple, reproducible and low energy consuming [START_REF] Martinez Rivas | Nanoprecipitation process: From encapsulation to drug delivery[END_REF].

For a given polymer/solvent/water system, the formation of NPs can take place in a metastable region delimited by the binodal curve and the spinodal curve [START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF]. On this basis, two theories have been proposed to explain the nanoprecipitation phenomenon: the mechanical approach and the nucleation approach.

The nanoprecipitation technique is often performed on polyesters such as polylactic acid (PLA), polycaprolactone (PCL) or poly(lactic-co-glycolic acid) (PLGA) [START_REF] Mora-Huertas | Influence of process and formulation parameters on the formation of submicron particles by solvent displacement and emulsification-diffusion methods[END_REF], but rarely on PU n [START_REF] Fu | Preparation and tunable temperature sensitivity of biodegradable polyurethane nanoassemblies from diisocyanate and poly(ethylene glycol)[END_REF]. In this section, we present the preparation and characterization of (SM-HM)-PHU NPs using this technique. The nature of the solvent [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF][START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF][START_REF] Thioune | Preparation of pseudolatex by nanoprecipitation: Influence of the solvent nature on intrinsic viscosity and interaction constant[END_REF], the polymer concentration [START_REF] Lince | Strategies to control the particle size distribution of poly-ε-caprolactone nanoparticles for pharmaceutical applications[END_REF][START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF][START_REF] Thioune | Preparation of pseudolatex by nanoprecipitation: Influence of the solvent nature on intrinsic viscosity and interaction constant[END_REF][START_REF] Contado | Influence of secondary preparative parameters and aging effects on PLGA particle size distribution: a sedimentation field flow fractionation investigation[END_REF][START_REF] Dong | Methoxy poly(ethylene glycol)-poly(lactide) (MPEG-PLA) nanoparticles for controlled delivery of anticancer drugs[END_REF] and the organic-to-aqueous phase ratio [START_REF] Budhian | Haloperidol-loaded PLGA nanoparticles: Systematic study of particle size and drug content[END_REF][START_REF] Stainmesse | Formation and stabilization of a biodegradable polymeric colloidal suspension of nanoparticles[END_REF] are parameters that have a significant influence on the NPs size and size distribution. A set of experiments were performed by varying these parameters (Table 1), and the size and size distribution of the resulting nanoparticles were measured by dynamic light scattering ( NPs prepared with ethanol were smaller (z-average around 90 nm) than the ones prepared with DMSO (around 135 nm) whereas PDI of P2-Et-V50 (0.21) was slightly higher than that of P2-D-V50 (0.13).

The influence of organic solvent nature on NP size and size distribution has been extensively described in the literature. Solvents with higher polarity [START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF] (i.e. solvent dielectric constant as close as possible to water dielectric constant [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Stainmesse | Formation and stabilization of a biodegradable polymeric colloidal suspension of nanoparticles[END_REF][START_REF] Thioune | Preparation of pseudolatex by nanoprecipitation: Influence of the solvent nature on intrinsic viscosity and interaction constant[END_REF]), higher water miscibility [START_REF] Cheng | Formulation of functionalized PLGA-PEG nanoparticles for in vivo targeted drug delivery[END_REF] (i.e. lower value of the solvent-water interaction parameter χs-w [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Galindo-Rodriguez | Physicochemical Parameters Associated with Nanoparticle Formation in the Salting-Out, Emulsification-Diffusion, and Nanoprecipitation Methods[END_REF]) and lower chemical affinity with the polymer (i.e. higher value of the solvent-polymer interaction parameter χs-p [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Choi | Thermodynamic parameters on poly(d,l-lactide-co-glycolide) particle size in emulsification-diffusion process[END_REF] [13, 84]) promote faster diffusion and more uniform supersaturation leading to the formation of smaller NPs.

The higher water miscibility of ethanol compared to that of DMSO (δethanol = 27.0 MPa certain water volume, diffusion may become so rapid that the polymer directly precipitates, producing larger aggregates [START_REF] Budhian | Haloperidol-loaded PLGA nanoparticles: Systematic study of particle size and drug content[END_REF].

Ageing study

Sample P2-D-V50 was stored at room temperature for 28 days. NPs size and size distribution were measured 15 and 28 days after preparation (Table 6). Size and size distribution remained stable the first 15 days, and significantly increased between15 and 28 days (from 134 nm to 227 nm) with a slight increase of PDI (0.20). This ageing study points out the relatively good stability of sample P2-D-V50, considering that the nanosuspension was surfactant-free / prepared without surfactant. In the absence of surfactant, NP stability may be ensured by polymer surface active properties such as surface charge (creating an electrostatic barrier) [START_REF] Becher | Principles of colloid and surface chemistry, third edition. Paul C. Heimenz and Raj Rajagoplan[END_REF] or hydrophilicity (steric barrier) [START_REF] Johnson | homme, Mechanism for Rapid Self-Assembly of Block Copolymer Nanoparticles[END_REF]. For instance, Legrand et al. explained that the stability of surfactant-free PLA NPs could be enabled by the presence of polar end chain functions [START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF]. In the case of (SB-HM)-PHU, polar primary amine and carbonate functions at the end of each polymer chain were relatively numerous due to the low polymer molar mass.

These functions could contribute to the polymer amphiphilicity which helped stabilize NPs.

Ageing study was similarly conducted on sample P2-Et-V50 Results revealed that NP size continuously increased over time, and were aggregated at day 28 (Table 6). The difference in stability of the two samples may be attributed to the fact that sample P2-D-V50 had a lower PDI (0.13) than sample P2-Et-V50 (0.21) at t = 0. Indeed, nanosuspension destabilization is less likely to happen when NPs have similar sizes because the energy barrier for particle collision is significantly higher [START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF][START_REF] Zhang | Flash nanoprecipitation of polystyrene nanoparticles[END_REF]. In addition, it has been reported that it was possible to reduce aggregation of PCL NPs by increasing the polarity of the final dispersant medium [START_REF] Stainmesse | Étude galénique d'un nouveau procédé d'obtention des vecteurs colloïdaux submicroniques à partir d'une protéine ou d'un polymère synthétique Université de Paris-Sud[END_REF].

The disparities in NP stability could therefore be explained by the fact that DMSO has a higher polarity (ε = 46.7) than ethanol (ε = 24.5).

In this section, we propose to study the effect of solvent removal on P2-D-V50 NP size and size distribution. Once dialyzed, sample P2-D-V50d was periodically analysed by DLS during 28 days (Table 6).

During the first 15 days, dialyzed NPs displayed the same z-average diameter and PDI as the undialyzed ones. Within that period, these values remained constant (z-ave ≃ 140 -150 nm and PDI ≃ 0.10). The size of the dialyzed sample increased between 15 and 28 days to a lower extent compared to the undialyzed size variation. Furthermore, PDI remained relatively low. Then dialysis seems to slightly delay the increase of size and size distribution of the (SB-HM)-PHU NP and promote the NP stability.

TEM analysis

Samples P2-D-V50 and P2-Et-V50 were observed by TEM. The poor quality of TEM images (Figure 6a) may be attributed to the presence of organic solvent in the medium.

Solvent elimination improved the quality of TEM images (Figure 6b). Spherical NPs could be observed. The size of NPs observed by TEM was consistent with DLS measurements. Sample P2-D-V50 was submitted to TEM observation 28 days after preparation (Figure S6a). NPs were gathered together to form 200 -800 nm clusters, confirming sample aggregation revealed by DLS measurements.

Conclusion

A catalyst-free method to produce linear aliphatic isocyanate-free polyurethane was developed. After synthesis in THF and purification, pure poly(hydroxy)urethane was fully characterized. The presence of pendant hydroxyl functionspredominantly secondary oneswas evidenced. Low molar masses around 7 000 g/mol were obtained. Polymer decomposition started at 230°C with urethane bond breaking followed by ester bond and hydrocarbon chain breaking. Polymer was amorphous with transition phase temperature around -8°C. The use of the microwave technology proved to be promising for the poly(hydroxy)urethane synthesis by dramatically reducing the reaction time. The use of the bio-sourced tetramethylene diamine led to the synthesis of a low molar mass poly(hydroxy)urethane (, = 2 400 g/mol).

100 -200 nm poly(hydroxy)urethane nanoparticles were successfully prepared by nanoprecipitation in a reproducible manner. The use of DMSO to solubilize the polymer led to larger but more monodisperse nanoparticles than the use of ethanol. The increase of polymer concentration favoured the formation of larger nanoparticles whereas the effect of water volume was insignificant. Ageing study revealed that nanoparticles prepared with ethanol rapidly aggregated while nanoparticles prepared with DMSO were stable for 16 days.

Solvent was successfully eliminated from the samples by dialysis. Dialysis did not affect the properties of nanoparticles prepared with DMSO. However, it provoked the aggregation of the ones prepared with ethanol. These preliminary results encourage the use of DMSO as the organic solvent for the nanoprecipitation step. 

  H NMR (400 mHz, DMSO-d6, ppm): δ = 1.25 (8H, -OCO-CH2-CH2-CH2-), 1.52 (4H, -OCO-CH2-CH2-CH2-), 2.33 (4H, -OCO-CH2-CH2-CH2-), 4.25, 4.57 (6H, -OCOO-CH2-CH-CH2-O-), 5.03 (2H, -OCOO-CH2-CH-CH2-). 13 C NMR (400 mHz, DMSO-d6, ppm): δ = 24.25 (-OCO-CH2-CH2-CH2-), 28.25 (-OCO-CH2-CH2-CH2-), 33.21 (-OCO-CH2-CH2-CH2-), 63.17 (-OCOO-CH2-CH-CH2-O-), 65.97 (-OCOO-CH2-CH-CH2-O-), 74.23 (-OCOO-CH2-CH-CH2-O-), 154.61 (-OCOO-CH2-CH-CH2-O-), 172.52 (-OCO-CH2-CH2-CH2-). FTIR-ATR (cm -1 ): 1733 (C=O stretching of ester), 1779 (C=O stretching of cyclic carbonate), 2852, 2928 (CH2 stretching).
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 4 CharacterizationElemental analysis of PHU were performed for CH, N and O on the corresponding micro analyzers at the Institut des Sciences Analytiques (ISA, UMR CNRS 5280), designed and manufactured by the instrumentation service of this institute. For CH analyses, the samples were completely combusted at 1050°C under oxygen flow. Carbon and hydrogen were transformed into CO2 and H2O respectively and quantified by specific infrared detectors. For N analyses, the samples were completely combusted at 1050°C under helium and oxygen flow. Nitrogen was transformed into various nitrogen oxides and reduced into molecular nitrogen. CO2 and H2O were trapped on ascarite® and magnesium perchlorate. Nitrogen was subsequently quantified by thermal conductivity detectors. For O analyses, the samples were completely combusted at 1080°C under nitrogen flow. The pyrolysis gases, in contact with active carbon were transformed into CO at 1120°C. CO was quantified by an infrared detector.

  Scheme 1. Polyaddition of sebacic bis-(cyclic carbonate) (SB bis-CC) and hexamethylenediamine (HMDA) in THF in stoichiometric ratio.

Figure 1 :

 1 Figure 1: 13 C NMR spectrum of (SB-HM)-PHU in DMSO-d6 (carbonyl region (a), deshielded aliphatic carbons region (b) and aliphatic carbons region (c)).
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 2 Designation for carbon from (SB-HM)-PHU repeat unit (a), carbonate end chain (b)

Scheme 2 .

 2 Scheme 2. Carbonate ring opening leading to a carbamate function β-substituted by either a primary (a) or a secondary (b) hydroxyl group.

  c), the other to the carbonyl carbons (173-153 ppm,
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 2 Figure 2: MALDI-ToF Spectrum of (SB-HM)-PHU-1.
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 3 Figure 3: TGA and DTGA curves of (SB-HM)-PHU-1.
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 31 Study of the formulation parameters on the nanoprecipitation process (SB-HM)-PHU nanoprecipitation experiments were performed using DMSO or ethanol that are both fully miscible with water and able to solubilize the polymer. (SB-HM)-PHU-1 was used for nanoprecipitation experiments.

  The reproducibility of the nanoprecipitation process independently of the solvent type, was pointed out through the examination of DLS curves of P2-Et-V50 and P2-D-V50 similar to those of P2-Et-V50-b and P2-D-V50-b respectively (Figures5a and 5b).
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 5 Figure 5. DLS curves of P2-D-V50 (•••) and P2-D-V50-b (-) nanoparticles (a) ; P2-Et-V50

Figure 6 :

 6 Figure 6: TEM pictures of P2-D-V50 nanoparticles (a) and P2-D-V50 nanoparticles after dialysis (b).

  : NIPU nanoparticles after dialysis (solvent = DMSO)

  ).

	Anal. Calcd for (SB-HM)-PHUMW: C, 55.58; H, 8.16; N, 5.40; O, 30.85. Found: 54.58; H,
	8.24; N, 5.12; O, 31.00.

  The latter hypothesis may be confirmed by the similar form of ester carbonyl signals. This feature may suggest the presence of low molar mass With C9 the integral value of the carbonyl C9 resonance and Cend the mean value of CD, CE, CF, and CG resonances from carbonate end groups.
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	macromolecular chains. The integral of the ester carbonyl signal (I = 2.23) was found close to
	the sum of the integrals of the urethane one (I = 2.00) and of the carbonate end group
	carbonyl one (I=0.11). Assuming that the end chains were both carbonate and amine groups in
	equal amount, the number-average degree of polymerization of the polymer (	) was
	deduced from the integral values of C9 and Cend resonances, according to Eq.2:	
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 5 size characteristics of (SB-HM)-PHU-1 nanoparticles obtained by nanoprecipitation.It is worth noting that the experiments were performed without surfactant. By the way, nanoprecipitation does not require the presence of surfactant, even if a small amount of a stabilizer may prevent nanoparticle growth and help to their stabilisation[84, 85] [84, 86].
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According to Legrand et al., the higher the solvent polarity the smaller the NPs [START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF]. However, the opposite conclusion could be drawn from the (SB-HM)-PHU nanoprecipitation experiments, since DMSO (ε = 46.7 and μ = 3.9 D) is more polar than ethanol (ε = 24.5 and μ = 1.7 D).

Beck-Broichsitter et al. indicated that organic solvents able to diffuse faster towards the aqueous phase enabled the formation of smaller NPs [START_REF] Beck-Broichsitter | Preparation of nanoparticles by solvent displacement for drug delivery: A shift in the "ouzo region" upon drug loading[END_REF]. Yet, although DMSO displays a higher diffusion coefficient towards water than ethanol (DD = 1.41×10 -5 cm²/s > DEt = 1.23×10 -5 cm²/s at 25°C [START_REF] Rah | Relation of Tracer Diffusion Coefficient and Solvent Self-Diffusion Coefficient[END_REF]), smaller (SB-HM)-PHU NPs were obtained using ethanol.

All these results pointed out the complexity of the nanoprecipitation process that involves many physicochemical parameters. The comparison of DMSO and ethanol physio-chemical parameters (i.e. miscibility, polarity and diffusion) did not allow to fully understand how the organic solvent nature affects the size and size distribution of (SB-HM)-PHU NPs. The investigation of the polymer-solvent interactions may be helpful in that regard [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF][START_REF] Ganachaud | Nanoparticles and nanocapsules created using the Ouzo effect: spontaneous emulsification as an alternative to ultrasonic and high-shear devices[END_REF][START_REF] Choi | Thermodynamic parameters on poly(d,l-lactide-co-glycolide) particle size in emulsification-diffusion process[END_REF].

The z-average values of the P2-D-V50 (137 nm) and P4-D-V50 (150 nm) illustrated the fact that the size of nanoparticles increases with the increase of polymer concentration [START_REF] Lince | Strategies to control the particle size distribution of poly-ε-caprolactone nanoparticles for pharmaceutical applications[END_REF][START_REF] Legrand | Influence of polymer behaviour in organic solution on the production of polylactide nanoparticles by nanoprecipitation[END_REF][START_REF] Contado | Influence of secondary preparative parameters and aging effects on PLGA particle size distribution: a sedimentation field flow fractionation investigation[END_REF][START_REF] Dong | Methoxy poly(ethylene glycol)-poly(lactide) (MPEG-PLA) nanoparticles for controlled delivery of anticancer drugs[END_REF], 90] (Table 5). A higher polymer concentration results in a more viscous organic phase and a slower solvent-to-water diffusion [START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF][START_REF] Thioune | Preparation of pseudolatex by nanoprecipitation: Influence of the solvent nature on intrinsic viscosity and interaction constant[END_REF]. Consequently, particle growth is favoured with respect to particle nucleation, resulting in larger NPs [START_REF] Lince | Strategies to control the particle size distribution of poly-ε-caprolactone nanoparticles for pharmaceutical applications[END_REF].

The increase of water volume from 50 to 100 ml did not result in a significant change in NP size or size distribution (Table 5). Similar results have been reported in the case of PCL [START_REF] Mora-Huertas | Influence of process and formulation parameters on the formation of submicron particles by solvent displacement and emulsification-diffusion methods[END_REF] and PLA [START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF] nanoprecipitation. However, there is no consensus on the influence of the aqueous-to-phase ratio on NP size. Some authors have observed a decrease of PLGA [START_REF] Budhian | Haloperidol-loaded PLGA nanoparticles: Systematic study of particle size and drug content[END_REF][START_REF] Fonseca | Paclitaxel-loaded PLGA nanoparticles: preparation, physicochemical characterization and in vitro anti-tumoral activity[END_REF] NP size following the increase of water volume while others have noticed the aggregation of PLGA [START_REF] Budhian | Haloperidol-loaded PLGA nanoparticles: Systematic study of particle size and drug content[END_REF] or PCL [START_REF] Limayem | Preparation and characterization of spironolactone-loaded nanocapsules for paediatric use[END_REF] NP beyond a certain volume of water. The increase of water volume may result in a faster solvent-to-water diffusion and therefore in smaller NPs [START_REF] Fonseca | Paclitaxel-loaded PLGA nanoparticles: preparation, physicochemical characterization and in vitro anti-tumoral activity[END_REF] 6. Effect of dialysis and ageing on the size and size distribution of (SB-HM)-PHU-1nanoparticles.

Solvent elimination by dialysis

Solvent elimination is mandatory for biomedical applications [START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF]. Moreover, this step may improve NP stability since Oswald ripening is attenuated in solvent-free dispersions [START_REF] Kumar | Nanoparticle stability: Processing pathways for solvent removal[END_REF].

Solvents with high volatility (THF, acetone or acetonitrile) can be removed by evaporation under atmospheric [START_REF] Dong | Methoxy poly(ethylene glycol)-poly(lactide) (MPEG-PLA) nanoparticles for controlled delivery of anticancer drugs[END_REF][START_REF] Beck-Broichsitter | Preparation of nanoparticles by solvent displacement for drug delivery: A shift in the "ouzo region" upon drug loading[END_REF][START_REF] Asadi | Preparation of biodegradable nanoparticles of tri-block PLA-PEG-PLA copolymer and determination of factors controlling the particle size using artificial neural network[END_REF][START_REF] Beck-Broichsitter | Stability-limit "Ouzo region" boundaries for poly(lactide-coglycolide) nanoparticles prepared by nanoprecipitation[END_REF][START_REF] Guhagarkar | Nanoparticles of polyethylene sebacate: a new biodegradable polymer[END_REF][START_REF] Katara | Eudragit RL 100-based nanoparticulate system of aceclofenac for ocular delivery[END_REF] or reduced pressure [START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF][START_REF] Chorny | Lipophilic drug loaded nanospheres prepared by nanoprecipitation: effect of formulation variables on size, drug recovery and release kinetics[END_REF][START_REF] Contado | Influence of secondary preparative parameters and aging effects on PLGA particle size distribution: a sedimentation field flow fractionation investigation[END_REF][START_REF] Ammoury | Jejunal absorption, pharmacological activity, and pharmacokinetic evaluation of indomethacin-loaded poly(d,llactide) and poly(isobutyl cyanoacrylate) nanocapsules in rats[END_REF][START_REF] Cortial | Encapsulation of fragrance mixture I into poly-ε-caprolactone nanoparticles by nanoprecipitation process[END_REF][START_REF] Fessi | Nanocapsule formation by interfacial polymer deposition following solvent displacement[END_REF], while solvents with low volatility (DMSO or DMF) can be removed by dialysis [START_REF] Beck-Broichsitter | Solvent selection causes remarkable shifts of the "Ouzo region" for poly(lactide-co-glycolide) nanoparticles prepared by nanoprecipitation[END_REF][START_REF] Kumar | Nanoparticle stability: Processing pathways for solvent removal[END_REF][START_REF] Kim | Antitumor activity of sorafenib-incorporated nanoparticles of dextran/poly(-lactide-co-glycolide) block copolymer[END_REF][START_REF] Kim | Taxol-loaded block copolymer nanospheres composed of methoxy poly(ethylene glycol) and poly(ϵ-caprolactone) as novel anticancer drug carriers[END_REF][START_REF] Constantin | Smart nanoparticles based on pullulan-g-poly(N-isopropylacrylamide) for controlled delivery of indomethacin[END_REF][START_REF] Liu | Temperature-Sensitive Polymersomes for Controlled Delivery of Anticancer Drugs[END_REF]. Blowing nitrogen through the suspension can accelerate solvent evaporation [START_REF] Heald | Poly(lactic acid)-Poly(ethylene oxide) (PLA-PEG) Nanoparticles: NMR Studies of the Central Solidlike PLA Core and the Liquid PEG Corona[END_REF]. Centrifugation [START_REF] Bilati | Development of a nanoprecipitation method intended for the entrapment of hydrophilic drugs into nanoparticles[END_REF][START_REF] Simsek | Brain targeting of Atorvastatin loaded amphiphilic PLGA-b-PEG nanoparticles[END_REF], continuous supercritical extraction [START_REF] Campardelli | Solvent elimination from polymer nanoparticle suspensions by continuous supercritical extraction[END_REF] or flash evaporation [START_REF] Kumar | Nanoparticle stability: Processing pathways for solvent removal[END_REF] are less common solvent elimination techniques. The influence of solvent elimination on NP size and size distribution has been seldom studied in the literature [START_REF] Lepeltier | Nanoprecipitation and the "Ouzo effect": Application to drug delivery devices[END_REF]. Cortial et al. certified that acetone evaporation did not alter PCL NP properties [START_REF] Cortial | Encapsulation of fragrance mixture I into poly-ε-caprolactone nanoparticles by nanoprecipitation process[END_REF].